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•™ .^cronTi The various embodiments of the present invention 

CAPACITY MODULATED SCROLL described below provide a wide variety of arrangements by 

MACHINE which Qnc SCToU member m y be axially or radially recip- 

_ lxmc1 AWV nF tot rocated with respect to the other to accommodate a full range 

BACKGROUND^^UKMARY OF THE £5£!« fading. THe abUity to provide a full range 

INVENTI0N of capacity modulation with a single control system as weU 

The present invention is related to capacity modulation of u mc abUily to ^It* the duration of loaded and unloaded 

compressors and more particularly to capacity modulation of optn&m coopcrate to provide an extremely efficient system 

scroll-type compressors. at a relatively low cost. 

Capacity modulation is often a desirable feature to incor- 10 A(Witi onaliy. in order to even further improve system 

poratTin air conditioning and refrigeration compressors in emciency m some appUcations, it may "wiMc o 

order to better accommodate the wide range of loading to combine a delayed suction type of capacity moduUtion wrfh 

which the systems may be subjected. Many different ±t ^ unloa ding approach mentioned above. For 

approaches have been utilized for providing this capacity e k whcn opcr ating conditions are such that system 
modulation feature ranging from controlling of the suction l5 -^sures just downstream of the discharge valve are at a 

inlet to bypassing discharge gas back to the suction inlet level bdow ^ full load design level the compression rauo 

With scroll-type compressors, capacity modulation has often of me compressor will result in pressure of the compressed 

been accompUshed via a delayed suction approach which fluW as it ^ discharged from the compression chamber being 

coniprises providing ports at various positions which, when t00 ^ a con dition known as over-compression. .The most 
opeTed, allow the compression chambers formed between w cfficient way t0 red uce capacity under these conditions is to 

me intermeshing scroll wraps to communicate with the redllcc ^ C01 npression ratio of the compressor and hence 

suction gas supply thereby delaying the point at which me mt of me com pressed fluid exiting the compression 

compression of the suction gas begins. This method of chamber such that it is equal to or only subtly ahjwe the 

car>acitv modulation actually reduces the compression rauo system pressure just downstream of the discharge valve mus 
of tiie compressor. While such systems are effective at 25 ( J amiM|ing ^e lost work due to over^ompression. 

reducing the capacity of the compressor, they are only able Howe vcr. if a further reduction in capacity is mdicated by 

to provide a predetermined amount of compressor syste m conmtion once me over^oir^ession condiUon 

unloading, the amount of unloading being dependent upon ^ cumulated, me use of a pulsed type of capacity 

the positioning of the unloading ports along the wraps. modulation will be more efficient as it will avoid creation ot 
While it is possible to provide multiple step unloading by 30 a condit i on kn 0wn as under^ompression, that being a 

incorporating a plurality of such ports at different locations, situation where the pressure of the compressed fluid as it 

this approach becomes costly and requires additional space leaves mc compression chamber being below that of me 

to accommodate the separate controls for opening and ^ Just downstream of the discharge valve. Th« s - th<; 

closing each set of ports. present invention also includes a system in which both 

The oresent invention, however, overcomes these defi- 35 pulsed and delayed suction capacity modulation approaches 

ciencies in that it enables virtually a continuous range of m combined which result in even greater efficiencies for 

unloading from 100 percent or full capacity down to virtu- systems likely to encounter such operating conaitionsj foan 

5 ^o capacity utilizing only a single set of controls. could be achieved by either of the two capacity modulation 

Further the system of the present invention enables the approaches alone. 

operating efficiency of the compressor and/or refrigeration 40 Additionally, the present invention may also incorporate 

system to be maximized for any degree of compressor a mot0 r control module which will operate to control various 

unloading desired. operating parameters thereof to enhance its operating effi- 

In the present invention, compressor unloading is accom- ciency during periods when the motor load is reduced due to 

plished by cyclically effecting axial or radial separation of unloading of the cornprcssor. 

the two scroll members for predetermined periods of time 45 A(Uitional advantages and features of the present inven- 

during the operating cycle of the compressor. More ^ wm apparent from the subsequent descnpUon 

specifically, the present invention provides an arrangement ^ mc appended claims taken in conjunction with the 

wherein one scroll member is moved axially or radially accompanying drawings, 
toward and away from the other scroll member in a pulsed 

fashion to cyclically provide a leakage path across the ops 50 BRffiF DESCRIPTION OF THE DRAWINGS 

or flanks of the wraps from higher pressure compression scroll-type refrigeration 

Cfte rdSc ^ between sealing and unsealing of the FIG. 2 is a fragmentary section view of a scroU-type 
X? tS tips ortoks. virtually any degree of compressor 55 rejrige ration compressor showing another embodiment of 
unloading can be achieved with a single control system. the present invention; 

Further, by sensing various conditions within the refrigera- FIG. 3 is a view similar to that of FIG. 2 but showing the 
tion system, the duration of compressor loading and unload- compressor in an unloaded condition; 
ing for each cycle can be selected for a given capacity such nQ 4 fe a fagmeotary sect ion view of a scroll-type 
that overall system efficiency is maximized. For example, if «0 refri - erat{on compressor showing a further embodiment of 
it is desired to operate the compressor at 50 percent capacity. ^ eQt invention . 

this can be accomplished by operating the compressor enlarged view of the valve arrangement 

alternately in a loaded condition for live seconds and • embodiment shown in FIG. 4; 

unloaded for five seconds or loaded for seven seconds and »«jP° fragmcntary section view of a scroll-type 

ttsrtttts^x rssss? s ^ in8 ^ a emb0 " ent of 

tions being encountered. mc 
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FIGS 7 through 15 are ^fragmentary section views of f^J^\^ e ^lf^t^Sl I'S" 

invention in which the orbiting scroll member s axially «^ b refaencc , and includes an outer sheU 12 

redprocated to accomplish compressor unloading. "Shtawhich is disposed a driving motor iadudng stator 14 

n G 7l6 through 22 arc all fragmentary secdon views <rf 5 a CTa Sshaft 18 to which rotor 

refrTeration compressors in accordance with me present aadre housill g S 20. 22 for ratably 

Son in whichthe nonfiling scroll member ts axially H£ mnkshaft 18 and compressor assembly 24. 

reciprocated to accompUsh compressor unloading. Compressor assembly 24 includes an °*iu*g saoU mem- 

!TOS.23ttaough28areaUfragmentar yS ertionview S <rf ^^ported on upper bearing bousing 20 and dnvuigly 

reStion confessors in accordance with Ae present ^eTTcTankshaft 18 via crank pin 28 and dnve 

S in which me saoU members are rotating. bu „ A second non^rbibng 

FIGS 29 through 30 are both fragmentary section views ^ m ^^g engagement w«h scroU J* 

ofaSonalemb^ £d axially movably secured- to ^ a ^^ 8 s S 

2 accordance with the present invention .n which the 15 ^ of a plura^ of M a^d as^ttd s^ 

non-orbiting scroll member is reciprocated; and members 36. An Oldham coupUng 38 * 

Fib 31 is a section view of yet another embodiment of a coopC rates between scroll members 26 and 32 to pre 

IJL.^ relative rotation therebetween. 

FIgTS Lugh 34 are fragmentary section views of » shdl P 12 and serves to define a drscharge chamber 42 at the 
scroU-typecompressorsinaccor- end thereo ^ 

dance with the present « Wew of the valving J^SSS — S S» % * *- ** 

n0 M ^^W fSSSS^SS- card! S"KS£» inlet 44 and thence into compressor 24 
arrangement shown in FIG. 34 ana M " . ^ ^ n0 n-orbiting scroll member 32. 

"nG. 35 is a fragmentary section view .J-Jr ^JST^S^SS 'SSZSSX 

Jbodh«nt of a scroU-rype compressor in accordance with 32 define moving^ ^ V*^ as aresul? of toe 

the present invention; orbiting motion of saoU member 26 mus conipressing nie 

FIG. 36 is also a fragmeatary section view of yet a further x SJ^Utag^i inlet 46. THe compressed gas is tiien 

embodiment of the present invention showing anmange- ^SSd discharge chamber 42 via disc^geport48 

meat for radially unloading of the compressor in accordance oiscnarg ^ ^ ^ ^ 50 A suitable 

with the present invention; . ^ ressure responsive discharge valve 51 is preferably pro- 

PIG 37 is a section view of the crank pin and drive r within dischaige port 48. 

bulngenrployedinmeembodimen.ofnG.36.thesect.on 35 J2 fa ^ provided with an annuto 

bemg ^Talong lines 37-37 thereof; ^ recess 52 formed to the ^upper ^ thereof. 

* ls . wction vie w of the embodiment shown in J* , - generally irregularly shaped cyhndncal mem- 

n^^^Zcn^^^^t ^M^which "passage 50 ^^Tcn^s 

toe compressor in an unloaded condition, 5 6 and 58. Hie ***** °{ ^ ^ ^ ^ B tiagW u 

nolo is a fragmentary section view showing a modified seal in0y [^^^ of sS mem£er 32 and includes 

verLofmeembodimentofnG.*^^ scared* Mfi-JJ «£ > slidingly engageable with 
^tilTfr^ntary seCon view showing a portion 4J cytinderLmber 54 to thereby seal off the open upper end 

of a scroll-type compressor incorporating anofcer embodi- of ^amber 5 ^ M ^ ^ 

intTtheTdial uXading arrangement of FIG. 36. all In J*gg^!£^*" fluid line 66 is 

accordance with the present invention; end wmcn opew ^ i passage 64 and extends 

HG 42 is a se^on view similar to that of FIG. 38 bu, ^ ^ £ 12 t a^soS operated valve^ 

showing the embodiment of FIG. 41; vet a13 fl^ 

HG. 43 is a fragmentary section view showing yet ^seco^ ^ ^ ^ ^ g third flmd hne74 

another embodiment of the present invention; from vaJve « t0 a discharge hne 76 extendmg 

FIG 44 is a view of a portion of the embodiment shown ouWanUy fro m mscharge chamber 42. 

in HG. 43 in an unloaded condition; border to bias scroU member 32 into s^en^ment 

FIG 45 is a schematic snowing a means for reducing . ft u njember 26 for normal f uUy »«d^°P«^ a 

mnZr oower consumption during periods when the com- d hole 78 ^ provided in scroll member 32commum- 

^iTc^gTan unloaded condition in accordance ^ cha^a^ «KBBS ^ 

with the present invention; and intomediate pressure between sue non, * ^ 

\ section view of a compressor incorporating w sure . Thus, chamber 58 will be at an mtermedutte pressure 
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be actuated in response to a signal from control module »« man embodiment eliminates the need for an 

to interrupt fluid communication between unes W and 70 g extending outwardly from the high pressure 

andtopl^efluidune66m«>inmumc^onw.*d^ SSdSr 4i it requires mat fluid conduit 88 be 
line 76 thus increasing the pressure within chamber 56 to 5 ~ t0 aocom modate axial movement of scrofl 

.hat of die discharge gas. The biasing farce resulting from annular member 60. It should 

this discharge pressure will overco^ the se^g biasu^ toemb odimentcylindncal member 54 

force thereby causing scroll member 32 to move axiauy secured to partition plate 40 by means of nut 55 

upwardly away from orbiting scroll member 26. This axial engages the upper end thereof. Also in this 

movement will result in the creation of a leakage pa* 10 ^^g^ valve 51 has been replaced by a 
between the respective wrap bps and end plat« of scroll ^ heckvalveWsecure d totheoutersheU.lt should 
members 26 and 32 thereby substantially etounating con- J««» provision of a check valve some place 

tinned compression of the suction gas. When J intending * ootec u ^ desirab ie in order to 

occurs, discharge valve 51 will move to a closed posmon ^^ack^f compressed gas fromthe system when 
thereby preventing the backflow of high pressure fluid from 15 pre fc m ^ unloaded COBdMon . 

discharge chamber 42 or the downstream system. When m „7 4 d5show4nomel embodiment 94 of the present 
compression of the suction gas is to be resumed Jenmd RGS. 4and 3 - ^ e fluid 

valve 68 will be actuated to a positio i tn^ wruch fluid £ v «™ ^ fr ^ ^ exiting the 

communication between upper chamber 56 a^<k*»£ " prov oeo * £nU , tubular member 96 is 

line 76 via Unes 66 and 74 is interrupted and upper chamber * "Pgf*"?^ ^ don member 40 and includes a 
S is placed in communication with suction line 72 v* flmd suttably «cu«d to^do. ^ ^ ^ 
u nes66and70merebyreUevingmea«a^d«rted^ wdajr ^/ ^ into upper and lower 

rating force. This men allows the coop«at,ve action. rf fte ^ ^ Tubular member 96 also defines 

intermediate pressure in chamber 58 and discharge pressure compressed discharge gas from port 

acting in passage 50 to again move screU ^member 32 into * ^^"^r 42 An axial extending bore 100 is 
sealing engagement with scroll member 26. provided in tubular member which opens outwardly through 

Preferably, control module 80 will have one or more provioc ^ ^ ^ ^ feceivc a fluld 

appropriate re»s<*s 82 SnZa02 Fluid conduit 102 extends outwardly through 

required information for control module 80 to determined « ™ connected to solenoid valve 68 

degree of unloading required for the particular conditions so £ ^ has fluid conduits 70 and 74 connected 
exiting at that time. Based upon this information contrri r^ective suction and discharge lines 72. 76 and is 
module 80 will send appropriately timed "V"**^"* ^ by control module 80 in response to signals from 
to solenoid valve 68 to cause it to alternate* p^ fluid toe "J™ * 82 in the same manner as descnbed 
66 in communication with discharge line 76 and miction toe »K*°P™ 

72. For example, if conditions indicate dial it is desuaW : to 55 aoov movably disposed within 

operate compressor 24 at 50 percent of fuU capacity conteol AvaWememner^ ^ a reduced diameter 
S «0 may actuate solenoid vaWe to > position to pUce bore *£Zg~ £ radially extending passages 
fluid tine 66 in commumcation wim suction toe 72 fora lw ^ dedinmembtt9 6influidcommumcation 
period of say 10 seconds whereupon it is ^nTn a fiS position so as to vent upper diamber 56 to 

fluid toe 66 in fluid commumcation with dweharge 1 bne 76 « when in anrs P» u0 w fluid com- 

for a tike period of 10 seconds. Continued swi^unj of "fS^l passage 112 when in a seeond 

solenoid valve 68 in this manner ™U resuh^ m "^on as to admit discharge gas from discharge flow- 

occurring during only 50 percent oT Oie operating ^time thus portion so a vent ssage 113 is also 

reduemgmeoutputof compressor^ whXommmdcates between the bottom of bore 

load capacity. As the sensed conditions change control 45 prated wtacn from me area below valve 

module will vary the relative time periods jJJ ^J**,^ mcreof B A spring 114 is also provided 
pressor 24 is operated in a loaded and ^*£^° d aid in biasing valve 104 into its second 

such that the capacity of compressor 24 may be vaned wmcn sur|zed discharge fluid entering bore 

between fully loaded or 100 percent capacity and completely l™*™™™**?^ passage 113 saves to bias valve 
unloaded or 0 percent capacity In response to varying jo ^ K fest Josition. 

system demands. As shown valve member 104 and solenoid valve 68 are 

FIGS. 2 and 3 show an axial unloading scroti compressor * s ™ c f ^ loaded operation wherein sole- 

34 similar to that of FIG. 1 with meprim^ry ^exception being bo* «^P-« * ^JJK plaTfluid conduit 102 in 
the arrangement for placing . upper diamber S6 m .M wilh l ffie suc ti 0 n toe 72 and valve member 

communication with suction and discharge lines. idMtovcn , upper chamber 56 to the intenor 

Accordingly. like portions have been indicated by *e same 104«m ^apgon .^^sure. When it is desired 
reference numbers. As shown therein, passage Mhasbeen of *^ 12 W ^ ressorsolen S dv aiv e 68 wtilbeactuated 
replaced by a passage 86 provided m ann^n«mba 60 o unload me compr ^ communication with 

whiAopens at one end into upper diamber 56 and at the J^*JJj£g£ MabUn pressurized discharge fluid to 
other end through a radially outwardly ^ "dwa^A «, ^ ld ^ 74 ^y J ™i Tmember 104. This pressurized 
flexible fluid line 88 extends from toeoute end of passage ad on ™£P&™ «• wiu valve member 104 
86 to a fitting 90 extending through shell 12 wift a ««d J^vSw^S3*Lby closing off communication of 
tine 92 connecting fitting 90 to solenoid valve 68. As with to move^ townwaro, y y ^ ^ 

HG.l.soknoidvalvc68tosflu^ ^ u ^Xbel^n radial passage 110 and radial pas- 

to suction toe 72 and discharge tine 76 and . » wmrted by 65 commun. ^ ^ fl<>w ^ upper 
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charge pressure fluid to upper chamber 56 ensures rapi wrth "gg^ * ^ to mainuin fluid commumcauon 
unloading of me compressor. . ,„ Aatof Irl Jnt.^on line 149 and chamber 148. Solenoid valve 

housing w*. ab «m disposed a suitable annular R was at discharge pressure and hence do nox F^ cu ^ 

SS^^SS^^ with rfs£t to supplying of lubneant to these 

— tS^^™-^ 515 ^ *53S1 l^ofnaiOissubstantiaUyidentical 

~ M S KS£j£-«- A second aWml £ tfSaK» the exception mat i" addition to the 

iaflMil^vildonniambea^ghousing 144surround- ^ fotce resulting from intomedute fluid pr«a«m 

w. tfltowevent fluid leakage therealong. A smaU ™^ 148fc . a plurality of springs 180 are also provided 

"*^f 1« fa mrougM* end plate of orbiting 2J££wd between orbiting scroU member 156 and 

1,8 n 8 Lm J Cm Place chamber 148 in fluid commu- 45 housing 144 and functioning primarily to ass.* 

scroUmember J*" PJ« ^Mnta at a pressure wtffme- H^pbutaLo to assist inreloading of compressor 
SZSSSSi Tp^Admlllly a pa-ge ^sSrTott described above with reference to FIG. 

ffaK»jSSS2S£S \ fte— entof HG.l,non^itingscroUmem h 

^^teeSiftohl line 160 extends outwardly through 50 J" with an annular recess 184 within which 

^Ldts connected to solenoid valve 161 A second ber M-f-JJ^ piston ^ 186 I. «wg 

£5 line 164 extends between solenoid valve 162 and m > ^ ^ surface o{ ^ p««on mcmb« 186 

SU f°^i l f chamber 148 witi be supplied with fluid at ^^^S^ZS^^* 
£2SS$^£3» orb^g - oU 146 £ , £ t^*3S*m ^-^^ 
S engagement widi ^"^^.^^flS which sealingly engage radially ^jf™™/^ 
Le.^n^vaWel62wittbcinaiKrfUontopt^urf 184 . A radiaUy extendmg P«W «>v,de a» 

CuM tatty venting the intermediate pressure m cham- c ° „, sheU 12 to sol valve £ A 

148 to i suction. The pressure within the compression « duU l9g soleno.d valve 196 to 

£itfwS cause scroll member 146 to move ««. tine 200 whereas a third fluid condud 202 connects 

£uiw downwardly as shown compressing resilient seals 196 to discharge tine 204. 

Sdtoby forming a leakage path across me respecuve 6s nofmal loadcd operating conditions, orbiung 

Sptips and'associated end plates , , «£jt £ 146will be axiaUy biased mto seating 
non-orbiting scroll members 146. 142. While passage v> 
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*7n te^rizcd by fluid at discharge pressure thereby 10 Acwrfwg. cW» W£ AdditionaU y. as described 

SSS J member 146 to be biased axjaUy by * ^same nto«« * ^ ap ^ ofsp rings 

SwnwardUy as shown. As notedabove. cyclical swddung being positioned in recess 240 provided m 

SSd vilve 19* will result in repetitive tadugnd »"Pg2«Sg 242 and acting on the lower surface of 

iSSa of me compressor wid» the , ™«S£3.gs«oll member 222. As notedabove 

bTine determined by associated sensors and control module 15 -j,^ to bias orbiting scroU member 

S shown). It should be noted that in this ernbodrmenUhe spnng 2»wve P J non . oAitillg sCToUmem- 

CJ^-^ff^SSS SIS «P -d also aid in ^reloadtng of 

™200 is direedy connected to the suction inlet of non ta ^ fou and reduced loading of com- 

Silas* w «« m» fsfs-^a " a, mmS« a .■ «-»■»• 

aice numbers used in these respective figures 35 «* cora municatio 0 with a wmpression poctetat 

WO. 14 shows an embodiment 212 wh«em shdl 112 sure t0 provide a biasing force fa. urgtag 

inSes an upper chamber 214 a, Siting £oU 258 toto sealiiW^ 

scroll 222 and non-orbiting scroll 224 around the outer on non-orbiting scroll 258. 
Shew thereof. Orbiting scroll 222 is biased into seahng 270 ^ f™ ^ vaWe ^ is provided being con- 
Endup with non-orbiting scroll 224 by intermediate AW - wayau^ ^ ^ fluid u 274 and to 
chamber 216 supplied via passage 226. In order 45 ^»£S*»i*>«1* via fluid line 276 and passage 
TuXd compressor 212. a solenoid v^ve 228 is provided ^ g 1 ^ 252. A vent passage 280 is provided 
tavCa firstfluid line 230 extending through shell 12 and JL«n non-orbiting saoU 258 and plate 269 and extends 
S connected to one end of a passage 231 provded in bemeen non g^ ^ ^ ^ )ower mtenor 250 
SS faring housing 233. A second tad .Une 232 * between sep^g ? ^ ^ V«tp^ge280 
connected between me suction imet 234 and so eno^ve so or ^^.y vent separating chamber 260 to 
228 wS« solenoid valve 228 is openedj toe mtermedute «*v« »co^ ^ ^ „. a dosed 
Assure acting on the lower surface of oW scroll 222 r 244 will be fully loaded as show* 
will be vented to suction via passage 231. fluid line 230. P™ lenoio valv c 270 is actuated to an open 
Snoid valve 228 and fluid line 232. Because passage 231. "^o^bytte control module (not shown) in response to 
Snnel230 and 232 and solenoid valve 228 wild be sued 55 posrtton ^ ^ ^ ^^g camber 260 will 
rSaflow volume greater than that through passage selected *^\^ substantially discharge pressure 
KuTthe leakage into the area defined be^n *e bm« combined fine of mscharge pre- 
hearing housing and end plate of orbmng scroU ttUte m pressure acting to bias uon-orbmng saoU 
hSrine force acting on orbiting scroll 222 will be relieved sure a *^ scroU member 268. Thus. 
Site force of die fluid within the compression « ™^™££umci°>x* 258 wiU move axially upward^ 
S£T R n!ve orbiting saoll 222 axiafly ft- ^fSy loading compressor 244. fl shouW be 
noZrbiting scroU 224. As soon as solenoid vaNe 228 is asaww^ this , embodimta t. the size of lines 274 and 276 
dosed leatege flow of intermediate pressure fluid witiun be selected relative to the saeof vent 
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unloaded coitions as well as the volume of discharge gas ° ™ - ^ to FIG. 18. Accotdmgly. cone- 
required to accomplish and maintain unloading. s ^oin g portions thereof have been indicated by the same 
The embodiment of FIG. 17 is generaUy smidar tottatrf P£dmg ^Sbers primed. In this embodiment, Iowa pa- 
FIG. l<i described above except that spring biasmg members 5 ™^ 9yof sheU12 ' bat mtennediate pressure supphed via 
282 are included in the intermediate pressure chamber. m 334' which also acts to exert 
SoXgly. corresponding elements aremd^edbvfce Vcttdbtasiiig force thereon. AddWonaUy 
refaence numbers primed. As notedj^ove sprmgs an imwarmy 5teppedportioi B 308'. 310' 
280 save primarily to assist in biasing ««^"f u se oamtelv fabricated and secured to main beanng housing 
member 2»mto sealing reUdonship wito ortntog *roU 10 £ ^ mcludes a portion 344 which 
member 268 during start upbut the ^■T^to^ying relationship with the end plate of 
in reloading compressor 244. In all other respects, me extends lmc . ova j 6 andooerates to limit upward 
ieSon of compressor 244 will ^ ^stanhjl) M ^^m^^n^So is in an unladed 

^^Jwi 294 is suitably secured to plate 286 comprcss « 336 is unloaded. A suction control device 350 is 

tStSA^Si fenga g ra "cylindrical portion of » ^onaUy provided m suction Une 332' ups^am of toe 
iySLeTon^rbiling scroll member 296 so as to ^ ^ which fluio line 328 is connected Sucuon wntto 
S a^Xge fluid flow path 298 from discharge port ^ w 350 w m be conlrofled by control module (not shown) 
^^orwsureresponsive discharge check valve 302 is also ^ K to restrict suctioa gas flow through suction 

^ vl ^S^to»» n ^B s ^ U2 ^ an t 0p ^: „ SESTmrt the reduced pressure downstream thaeof 
dle to prevent back flow of discharge ^ 25 ~u assist in evacuating chamber 314 during "on from 
290 into the compression chanu X rs.^n^^g^U296 urioaded operation to loade4 operation or^o on m^stort 
includes a pair of annular stepped portions m3»«i» compressor 336. In all other respects the operation 

outer periphay which cooperate with c ompleme ntay por up , u* ^ ^ ualoading of compressor 

tions 308. 310 on main bearing f.^' , fl 334 w ai be substantially the same as described above^ 

genaally annular separating chamber 314. AddrttonaUy. 30 enibodiment is iUustrated in FIG. 20 being 

non-orbiting scroll 296 includes a radiaUy outwardly P^o- ^^J^T S2 _ Compressor 352 includes non- 
jecting flange portion 316 which cooperates with a radudly mmcateo t i J ^ fa ^ movab i y 

'inwardly projecting flange portion 318 on main be^mg ^Sft^Sn £aringhousing 356 by means of apluraflry 
housing 312 to limit axiaUy separatmg movement of non- ^JSTw seeded in position by fasteners 360 
orbiting scroll 296. 35 RushinES 358 fasteners 360 cooperate to accurately and 

As^enoidvalve320isdsoprovidedbdngc«nn^m J^^ 8 ^ idon non .orbitmg saoU 354 while aUow- 

fluid communication with chamber 314 via pas age 322 m non ^ movement thereof. A separate annular 
mambearinghousm B 3Uandfluidltoe324.Flmdlmes326 £™ ^ „ t0 n0n . o rbiting saoll 354 and 

and 328 serve to interconnect solenoid valve 320 with outwardly disposed stationary 

discharge line 330 and suction line 332 respectively. 40 3^4 to define a sealed separatmg 

Similarly to that described above, when «^ssor284 3^ therebetween. Ring member 3M includes a 

is^n^^^^m^^^^ £^£368 to which one end of a fluid hoe 370 is 
solenoid valve 320 will be in a position to pkee ctonber PJ^ctod. the other end of which is connected to solenoid 
314 in fluid communication with suction hne 332 via ^ Scribed above, solenoid valve 

Passageway 322 and fluid lines 324 and 328. Under *ese 45 ^\^ M ^ mmii i6c^^u>^^c 
Conditions, the biasing force resulting from discharge pres- m ^ ^ m respectively. The operation of 

sure fluid in chamber 290 acting on theuppa surface of 352 wfll ^ substantially identical to that 

nonprinting scroll 296 within flow path 298 will operate to compje^ ^ ^ so l eD oid valve 372 operatmg to cych- 
urge non-orbiting scroll 296 into sealing engagement with chamber 366 in fluid communication with dis- 

crtiting scroll 334. When it is desired to unloadrompressor » >f pressure fluid ^ suct ion pressure fluid to thereby 
284 solenoid valve 320 wfll operate to place chamoer jw ^cUy load and unload compressor 352. 
in fluid communication with discharge Fessure flmd via J / m , fulthe r embodiment 382 of the 

fluid lines 326. 324 and passageway 322. The msulung ^ ^ Compressor 382 combines the separating 
pressure in chamber 314 will then opaate to ^erc«ne .to s^bjea Qf ^ „ 352 with the sucuon 

biasing force being exerted on non^rbitmg saoll 296 thus 55 ™™™ urLgement and intermediate pressure shell of 
causing it to move axially upwardly *< shown and out. a^Xwn in FIG. 19. Accordingly, wrre^ond- 
sealing engagement with orbiting saoU 334 thus unloaduig ft f mdicaIe< i b y like numbas double 

comp«sso7284. To reload compressor 296. solenoid valve «Jg^J S^odo. thereof will be substantially the 
320 wiU operate to vent the discharge JJJjd 60 same as described above. 

chamber 314 to suction line 332 via passage 322 and fluid 60 same modification of the present 

lines 324. 328 thereby allowing ti« ^toeW »^ w ^ u subsumtiaUy the same as th* 

non-orbiting saoU 296 to move it axudly dow nwardly bac* inve^ exception that compressor 384 

into senling engagement with •^ftSJXiJS S^aVwo way solenoid valve 386 connected to suaion 
manna.asnotedabove. operatton of M^^dSLTta 65 Une 388 via fluid conduit 390. a modified passage arrange- 
be controUedby a suitable control n^e (not shown)^ 65 ^f^esamed below and omits cover memba 269 

«^^^ a f^ A ta ^^^^T Sing uppa chamba 260. Accordingly, portions corre- 
to cyclicaUy load and unload compressor 284 as neeaeo. « b yv 
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3M ! a seco^f titternal flexible fluid line 394 and radiaUy ^ ^. nsors (also not sho wn). Solenoid valve 440 includes 
SLoinS^provided in non-orbiting scroll 258". ^ ^ ^ 442 connected to passaged, a second 
SSa %ality\f separating springs 398 are pro- 10 flukJ Une 444 connected to discharge tine 448 and a third 
vided being positioned coaxially with bushings 3SS and ^ ^ ^ connected to suction line 452. 
extending between main bearing housing 400 and the lower comptess or 402 is operating under folly loaded 

surface of non-orbiting scroll 258". conditions, solenoid valve 440 will be in a position ,to place 

Under normal fully loaded operation, non-orbiting scroti se ^^ chamber 428 in fluid communication with suction 
258" will be biased into sealing engagement with orbiting l5 ^ 433 recess 434. passage 438 and fluid 

scroll 268" by the combined force resulting from discharge ^ m ^ m fc order to unload compressor 402 : 
pressure acting on the upper surface of non-orbiting scroti oid v&lve wiu opera te to connect chamber 428 to 

258" within passage 254" and intermediate pressure fluid ^ ^ m mefcby pressurizing same to discharge 
within chamber 262" conducted thereto vu passage 2*6 ^essure. The fcrce resulting from discharge Pf^£~ 
Under these conditions solenoid valve 386 will be in a m £ namber 42 8 will operate to move scroll member 404 axiatiy 
closed position thereby preventing fluid communication ^ Mt of engagement with scroti 

betweenchamber 262" and suction tine 388. When sensed ^ m mercby unloading the compressor. Cyclic 
system conditions indicate it is desired to unload compressor ation of sole noid valve will result in cyclic unloading of 

384. solenoid valve 386 will open to mereby vent chamber '^mpttssot 402 in substantially the same manner as dis- 
262" to suction line 388 via passage 396. and fluid lines 394. a 

392 and 390 thereby relieving the intermediate biasing force illustrates another embodiment of a dual rotating 

on non-orbiting scroti 258". As this biasing force is relieved " OTmpressor 454 in accordance with the present 

the combined force from the fluid under compression ^J^c^^ 454 is substantially identical in con- 
between the scroti members and the force exerted by sprmgs ^ ^ compressor 402 with the excep- 
398 will operate to move non-orbiting scroll Z5» ttiauy 30 compressor 454 does not incorporate an lnterme- 
away from and out of sealing engagement with crtating biasing chamber but rather utilizes only 
scroti 268" thereby unloading compressor 384. Of course. .*L c , 0 bias toe upper axially movable scroti 
passageway 396. fluid lines 394. 392 and 390. and solenoid disctarge pre nt ^ me lower scroti 
valve 386 must all be sized relative to ten((|«V Accordingly, corresponding portions tiiereof are 
266" to ensure adequate venting of chamber 2*2 . cycucai 35 . ndicated b ^ ^ re f erence numbers pruned 
unloading and loading of compressor 384 WLti txaccom- embodiment of a dual rotating scroll-type com- 
plied in substantially the same manner in response to Atother emootum ^ ^ ^ Conipr e S sor 456 is sub- 
system conditions as described above, suntiallv identical to compressors 402 and 454 with the 
The present invention is also well suited for appticauonto s«n j ^ of ^ ^rmvHztc pressure biasing 
dual rotating scroll-type compressors. Such embodiments 40 ^ber provided in compressor 402. compressor 456 
are illustrated in FIGS. 23 through 28. emD iovs a plurality of springs 458 extending between a 
Referring tint to FIG. 23. a dual rotating scroti-type cmp^y ^ Ending portion 460 of upper housing 
compressor is shown being indicated generally at 492. ^ d u surface of upper scroll member 404 . 
Compressor 402 includes first and second scroll members ^ ^ ons corresponding to lite portions of 
404L406 rotatably supported within an outer sheti m by 45 indicated by the same reference num- 
upper and lower bearing members 410. « 2 axially jrffset ^ou~ s ^ s 45s serve to cooperate with the 
breach other. Upper bearing member 410 is formed in a ™ ^ sure k passage 4 18" to bias upper scroll 
plate member 415 which also serves to define a discharge _ m . ^ ^0 sealing engagement with lower 
chamber 414 into which compressed fluid exiting discharge ^ ^ fc ^ other reS pects the operation of 
port 416 in upper scroll 404 is directed via passage 418. A 50 ^ 454 is subst antially identical to that described 
discharge check valve 420 is also provided oyerlymgdis- compre 

charge port 416. Lower scroti member 406 is supported a further embodiment of a dual rotating 

within and rotatable with a lower housing 422. An upper ™. ^ Compressor 462 is very similar 

housing 424 surrounds upper scroll member 404. is secured ^^ s ^^.a„ d 456cxcept as noted below and 
tolow«housing422andcooperat«wi*lowerh = «2 55 ^^Jf^^s thereof are indicated by the same 
and upper scroll member 404 to define an intennedute *%^*£tomWc primed, 
pressu^biasing cbamber426 and a ^axaUng chamto 42J lrf £"^ 2 £ is mounted in the bottom 

A fluid passage 430 is provided in upper scroll member 404 Confessor as position 
«tendinc from a compression pocket at intermediate pres- portion of a hermetic sheU^ w 

^ Sas^cLJto 426 to s^ply fluid pressure thereto 60 as ^J£J£ ^a^esl 
which in combination with discharge pressure flmdactmg P^/ s P™** L m fl ^, 0 T*amber 468 via check 
on upper scroll member 404 within passage 418 wdl serve mscharge compressed Jj*£^ the motor compart- 
to bRper scmU^mtoseatingengagementwithlower ^ ^£^*iVup^p«tion of sheti 464 via a 
scroll member 402 during fully loaded operation. m«t 47 throS ^ shaft 476. A driving 

A second passage 432 is also provided 1. ^upper saoll 65 passage ^ ^^nt 472 and includesa 

member 404 extending from separating chamber 428 toan 480 secured to crankshaft 476. Axiatiy 

annular recess 434 formed in the outer periphery of an upper stator 47» anu roior 
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15 , Under fullv loaded operation. Iowa scroll 500 willbe 

to a second passage 490 in lower housing portion •j^^TiwUoB »o place chamber 522 in fluid coro- 
^ ^^4W ^to'chamber 484 and thus conduct wK*Je line 536 thereby pressunzing 

£ «S dtaSoe fluid from motor compartment 472 "T^L JJJ ^,^1 an axial downward movement of 
^^484tobias scroll member 404'" into sealing 10 *£sflSoSto ttm will move lower scroU 500 

Lt^ttrim scroi member 406" during normal full ^v JwSS of sealing engagement with upper 

^Tor^tiorLecond passage 432 extends through Iowa ^ y 4 £ W X7solenoid valve is cycled back to a position 

tl^on^from'mcel^ SSEIE !« » suction line 540. 

KaT£5 me end plate of scroll 404- from a com- remn, Iowa scroll^ ^ ^ ^ 

mSoock* at a pressure between suction and discharge u ^ S ^ uri ^ operation wm then be controUedinJUte 

£2C5 ^eliminating the need ft. ^sages ^ ^Xtmat^scribed above by a control module 

and490 Alternatively, discharge pressure fluid wuld be mann^ 

£™Td tochamber 484 by means of a passage ^ the „ another embodiment of a dual rotaung 

eXpL of scroll 404" pending thereto from me control FKh » ^ ^ ^ ^ , « »JJ 

ieS^ — ed by a cont^ module and associated ^^«"£^g£ 

^ve 516 to discharge chamber 504. Upper scroll member tow pies cylindrical portion 572 which is adapted 

M iM ^annular cavity 518 which opens ouwardly «, nd ^ S * ^ive a cylindrical portion 574 of 
rtadnSrtionship to lower scroll 500. An annular ring to ' ^ y y m0 vable saoll member 354'". Cyhn- 

member 520 is movably disposed thereta and ^J^^ludes a plurality of radial <*£»*f « 

Xo naV a fluid line 534 extending therefrom to discharge ^asmg^xiauy sao U 590. The operation mclud- 

S 536 and another fluid line 538 extending therefrom ngagemeu J g «W » 

to suction line 540. _ . . 55 substantially identical to that described w,th reference to 

Lower scroll member 500 is rotatably » W^™^ ^ s JiS2 and the other embodiments described 
ivarine 542 and includes an internally splined center wio 

2 £j adapted to axially movably receive a comple- abovr cesser 592 mcorporatrng a 

K*£2 drive «*A»««2ES «» *2 mLmcation of me present Mention ^sor 
Seed passage 548 is formed in the end plate of Iowa scroU 60 wrui tetantiaUy iden tical to compressor 562 of FIG. 29 
StoSol and serves to conduct biasing pr™ fluid S ^^ ted J ow and accortUngly like p^onsu^eo 
from an mtermediate pressure compression pocket to a «^ ^ same reference numbas quadrup e 

Sag chamber 550 therebelow. A plate "^ S » £lcUw« 592 incorporates a two way sotenoad 
secured to upper saoll 498 and includes an annular recess P™^ fluid 596 connected to diamba 

S^to wWch an annular seal S56 is disposed. Seal 556 « valve 594 navi g ^ tQ suctton line 

SaSs me lowa surface of Iowa scroti 560 so asto seal 5W .member 362" «td 364" are omitted^ 

chamfer 550 from the suction pressure chamba 506. 
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in lieu thereof biasing springs 600 axe prided «£■ ££ 

positioned in coaxial surrounding relationship to bushings nicauon with mscnarg^ ^ ^ ^ {<j moye 
358"". . non-orbiting scroU member axially out of sealing engage- 
Under fully loaded operating conditions, the biasing force ment wWj orbitillg soou member 268 ". Cydic control oi 
resulting from intermediate fluid pressure in chamber 586 com p re ssor 602 may be achieved in the same manner as 
will bias axially movable non-orbiting scroll 354"" down- a^bed above thus eliminating the need for a clutch when 
wardly into sealing engagement with orbiting scroll 590"" in such a system is utilized in an automotive application, 
the same manner as discussed above and will overcome the me prev i ous embodiments have all been directed to 
seoaratina force resulting from springs 600. When condi- in the use of the fluid being compressed to effort unloading ot 
uons indicate unloading is desired, solenoid valve 594 will "> ^ respective compressors, the present invention may also 
switch from a closed condition (which prevented venting of accomplish such unloading by the use of other types of force 
IZh^i 586"" to suction during fully loaded operation) to generating means to effect axial movement of one or the 
at W^o meS veil chamber 586" to surtion Ler of L two saoll -^f^S^S^n 
L W" and relieving toe biasing force exerted on scroll SU ch arrangements are shown and will be described with 

^ s ^U5^ < t y be7ore.solenomv^S94willbe ^™^J^&£ET^ 

vA**^*^*^^*"*^ 5f5»JS5^A««* connected 

associated sensors to cyclically load and unload compressor to^atttin^scrolTrMmber 634. A non-orbiting axially mov- 

S92 so as to achieve the desired degree of capacity modu- *«J3tt *™™t>36 is mounted on bearing housing 630 

lation. by means of bushings 638 and fasteners 640 such that scroll 

While the previous embodiments have been primarily member i s s UdaWy movable along bushings 638 but is 

directed to hermetic motor compressors, the present inven- restra jned from circumferential or radial movement. Non- 

tfon is also well suited for use with compressors employing orbi n ng scroll member 636 includes a pressure biasing 

an external drive such as for example automotive air con- cha mber 642 in toe upper surface into whidi one end ot ring 

ditioning system compressors. The use of toe present inven- shaped nange d member 644 projects. The other *A ot 

tion in such an environment can eliminate toe need for toe flanged member 644 is secured to plate 624. A^hndncal 

expensive clutch systems commonly utilized in today s 646 of non-orbiting scroll member 636 P«»JfCB 

sterns, upwardly through ring shaped flanged member 644 into 

Fifi 31 illustrates a compressor 602 which is specifically discharge chamber 626 to define a toscharge passage 64* 

dirSed ta ^n aneXnal power source. Compressor extending upwardly from discharge port 650 via discharge 
JKlimS instruction to cVmpressor 244 of HG. 16 3J check valve 

except as noted below and accordingly like portions thereof ra dial openings 654 are fmkM^ XSEfcSS 

"eTdicated by toe same reference numbers triple primed. portion 646 to place passage 648 in fluid -a™****™ 

604asopposedtotoetwoway soleno^dve compressor aUowWsage of discharge fluid into discharge 

lhelikB - , n— i-wlHi which in turn is sealingly secured to a fitting 668 provided 

In operation, toe external power source wifl continuously J«* ■ «^ ^ actuaK)r ^ 67 0 extends 

drive drive shaft 612 thereby effecting continuous orbitnl ^X torough member 666 and fitting 668 and has its 

movement of orbiting 2S to cover plate 656. Actuator 664 may 

indicate cooling is required, solenoid valve 604 wihoe applying capable of exerting a 

positioned by suitable conttol £i3 Ceoo n^Sg^oU 636 such as for example 

in fluid commumcatton with surtion Une 610 thereby ^reuev V -.^^ actuated solenoid, a pneumatic or other fluid 

ing any separating force resulting toerefr om and enablmg ^^on and cylinder device or any other type of 

chamber 262™ which is supplied with » ""f^"^ 60 ^hanifal. magnetic, electromechanical, hydraulic, 

fluid via passage 266" to generate a biasing force which. """""V. Z ^dns. type device. Operation of actuator 

^te^t***^^*^***^ control module 672 in 

acting on toe surface of non-orbtung scroUmemt^r258 m conditions sensed by appropriate 

passage 254'". will bias non-orbttmg scroll member 258 674 

into sealing engagement wito orbiting scroU rrcmber 26tf". 65 sens • undcr f uu y loaded operating conditions. 
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with discharge pressure fhtid in passage 6« to bias no. MJ ^^SS^X^Si^ 

orbiting scroll member 636 into sealing engagement with suuawe ^ "P 1 " 5 " ^ 

orbiting" scroU member 634. When W "£ S^^KSbS tS ££« the nlted 

*^:f^^TSit?2 s sS^uions including, for example, a solenoid 

operation of actuator 664 to exert a separating force on 5 electrical electromechanical, mechanical. 

Siting ^Saj-X 1 !; JaeuIucorhyScSy abated device. It shouid also be 

»ote4 that actu^ ma, if desired, be mounted within the 

t^^^^^l^iscALn^fMinXo 10 biasing chamber 906 in cooperation with discharge pressure 
^^in^^a^rJto orbtog scroll member 634. Actua- acting againstthe surface of non-oibiting scroU member 896 
£2 w^K;2S3e^Slcydico P en rt i«»so in passage 908 will bias memb^ 896 
Enable cychcTloamng and —„g of confessor ^%^^Z^ttT^!^ 
%Z,^J^^«^<« " ^XLT^in fluid 

^S^jSS^£ £ STi 5£ v^membe?^ to a position m wWch itpUces separating 
664 is located, wdhin housing wz B ., ^ chamber 904 in fluid communication with discharge pres- 

tions 676 extending outwardly therefrom. In all ^ other ^ ™^f ^^ ^ via ^ 920 and 922 thereby 

^'^^ a ^^^'^ 10Uaa ' 1 ^ S m lEtac resulting from pres- 

thatdesaibedaoovew^referenwtonG^l ^^ 0 7of chamber 904 will move nonfiling scroll out 

Referring now to FIG. 34. there .s ^own a termetic engagement with orbiting scroll member 894 to 

compressor 880 which combines certain SerlbTunload Compressor 880. In order to reload compres- 

in the compressors of FIGS. 4 and 33 Compressor 880 M actuator 928 operates to enable valve 916 to move 

includes an outer shell 882 havmg a phtte 884 which sor *W . ^ which the pressure in 

separates the interior thereof into an upper discharge cham- ^ vented to uca g88 whi ch is at suction 

ber 886 andalower chamber 888 at suctton = e.Anmo 924 thereby enabling inter- 

b«rmghousmg890is^sedm^ ST pressure in chamber 906 and discharge pressure 
serves to rotatably support a ^™ ^^"Jf^* 30 fluid in p^sage 908 to move non-orbiting scroll back into 

drivenly connected to an ^^S^ZSA engagement with orbiting scroll 894. Cyclical time 

supported on main bearing housing 890. A »o n ^ng pulse 4 actuation of actuator 928 will thus enable the capac- 
scroll member 896 is axially movably secured to main P^ *^ 880 to be modulated in substantially the 

tion 898 to define a ^^V^^^^J^ ^mSta «K «L embodiment, actuation of force 
from discharge pert 910 to discharge chamber 886 via ^£^^6 t0 CTert M ^v upwardly 
discharge check valve 912. Sed force on orbitog scroU member 684 thereby urging 
As best seen with reference to FIG. 34A, an axially J"?™**?? easement with non-orbiting scroU member 
^^^^JT^^^^^^c so 678 ^mphshed by 
a valve member 916 is axially movably diqrcsed Vdve force applying means 686 thus relieving the 
member 916 includes a ^^J^^^ St bSg foree generat^Zeby and allowing the separating 
cent the lower end thereof which, when valve membo^ m *™ 8 8 ^ sion to move Siting 
a first position, operates to place separating chamber 904 in lorce engagement with orbiting 
fluid communication with discharge pressure fluid u, pas- 55 saoU ^fer 684 ^mjgg [ ^ ^ 
sage 908 via radially extending £ mg^m^bew^.^mplished bTconttoUing force apply- 
when in a second position, to place separating Camber 904 n | n*an7686 m substantiauyme same manner as described 
in fluid communication with suction pressure fluid in area ing means ooo m suot , 
888 via radially extending pass ages 922 wdM*. ^ whae s$or 67g tas 
t mti ^^^T 9 U^^^^^l described utilizing an elertromagnetic force applying 

^ir^ch^ 1 ^^^ So£^.^^ 

882 and is coupied to a suitable 65 spring ^ELc*. of the present invenuon have all 

itpo^r^iT^ beeped ,0 various means fc eflecting unloading by 
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axial separation of toe respeSe s<xoll members. However, 

the p^ent invention also contemplates a^l^mng Jg«^ ^y^l^ whereby orbiting scroll member 
unloading by radial separation of the flank surfaces of toe PJ™^^? at its fuU niaximtim radius. As axially 
scroUwrar*toaebyprovidmgal^ ^ ^.^^ |crtll 70 2 is biased into sealing 
compression pockets. Embodiments lUustratmg this method 5 m ^ scroll 704 by biasing chamber 
of unloading are shown and will be described with reference compressor 692 will operate at full capacity. In order to 
to FIGS. 36 through 44. unl( ^ d compressor 692, solenoid valve will be actuated so 
Referring now to FIG. 36, a compressor incorporating ^ {Q place ^toigt line 752 in fluid communication with 
radially directed unloading is shown being indicated gener- cham5er 731 wnic h in turn will pressurize each of 
ally at 692. Compressor 692 is generally similar to the w ^ aam5crs m with discharge pressure fluid to urge each 
previously described compressors and includes an outer rf ^ pistons ?14 ^ associated pins 716 to move axially 
shell 694 having a discharge chamber 696 and lower cham- upwardly t0 a my raised position as shown in FIG. 39. 
ber 698 at suction pressure. A bearing housing 700 is Because ^ force 0 f the discharge pressure fluid acting on 
supported within shell 694 and has a non-orbiting scroll ^ respective pistons 714 will not be sufficient to overcome 
member 702 axiafly movably secured thereto and an orbiting me forces urging the orbiting scroll radially outwardly, pins 
scroll 704 supported thereon which is adapted to be driven ?16 ^ move upwa rdly sequentially as the orbiting scroll 
by crankshaft 706. An intermediate pressure biasing cham- moves away therefrom. Once all of the pins have moved 
ber 708 is provided at the upper end of non-orbiting scroll vtpwu ^ gm me large diameter portion 728 of pins 716 will be 
member 702 which is supplied with mtermediate pressure a ffion t0 engage the arcuate cutouts 754 provided 
fluid from a compression pocket via passage 710 to thereby *° ^ periphery of orbiting scroll member 704 as best 
axially bias non-orbiting scroll member into sealing engage- secQ ^ rc ference to FIG. 38 thereby causing the orbiting 
ment with orbiting scroll member 704. radius of or biting scroll member 704 to be reduced to a 
Bearing housing 700 includes a plurality of substantially minimum at which the flank surfaces thereof are no longer 
identical circ^erenu^ „ in sealing relationship and the compressor is rully unloaded, 
of which a piston 714 is movably disposed. Each piston 714 It should ^ not ed that the pins 716 will be circurnfercnnally 
includes a pin 716 projecting axially upwardly therefrom. spaced such that at least two adjacent pins wiU be in 
through opening 718 in the upper surface of bearing housing engagement wife corresponding cutouts 754 throughout the 
700 and into corresponding axially aligned opening 720 orbit of orbiting scroll member 704. When loaded operation 
provided in non-orbiting scroll member 702. A spring 722 is is t0 be resumed, solenoid valve will be returned to a 
Provided in each of the openings 720 and extends between ^ m whic h chamber 712 is vented to suction line 748 
r cylindrical spring retainer 724 secured to non-orbiting via passages 733, 731 and fluid lines 744 and 746 thereby 
scroll 702 and the upper end of each of the pins 716 and allowing springs 722 to bias each of the pins 716 and 
serves to exert an axially downwardly directed biasing force associated pistons 714 downwardly to a position in which 
thereon. As shown, each of the pins 716 includes an upper reduced diameter portion 726 of the respective pins is 
portion 726 of a first diameter and a lower portion 728 of a positioned in radially spaced relationship to cutouts 754 and 
neater diameter. Pins 716 are positioned in surrounding orbiting scroll 704 is able to resume its full orbital radiusand 
relationship to the periphery of orbiting scroll 704. An ^ capacity compression will resume, 
annular manifolding assembly 729 is secured to the lower nQ 40 shows a modified version of the embodiment of 
portion of main bearing 700 and closes off the lower end of ^ nGS ^ through 39 at 7S6 wherein a two way solenoid 
respective chambers 712. Manifolding assembly 729 valye ?58 is utilized Y^ing fluid lines 760 and 762 con- 
includes an annular passage 731 from which respective nectcd tQ chamber 712 and discharge line 752' respectively, 
axially extending passages 733 open upwardly into each of ^ ^ en u5odiment, each of the chambers 712 includes a 
the chambers 712. passage 764 at the lower end thereof that is in continuous 
As best seen with reference to FIG. 37, eccentric pin 730 45 communication with lower portion 698 1 of shell 694' which 
of crankshaft 706 is drivingly connected to orbiting scroll is at suction pressure. Thus, each of the chambers 712 will 
member by means of a bushing 732 rotatabiy disposed ^ continuously vented to suction. To unload compressor 
within hub 734provided on orbiting scroll 704. Bushing 732 7S6 , solenoid valve is opened thereby placing each of the 
includes a generally oval shaped opening 736 having a flat chambers 712' in fluid communication with discharge pres- 
738 along one side thereof which is adapted to receive x sure fluid from discharge line 752' and biasing each of the 
eccentric pin 730 which also includes a flat 740 engageable piston s 714' into a raised position. The remainmg portions ot 
with flat 738 through which the driving forces are transmit- compressor 756 are substantially identical to those of com- 
ted to orbiting scroll 704. As shown, opening 736 is sized pressor 692 and accordingly are indicated by the same 
such that bushing and associated orbiting scroll 704 may reference numbers primed. Siimlarly. toe operation of corn- 
move relative to each other such that the orbiting radius 55 pressor 756 will in all other respects be substantially lOen- 
through which orbiting scroll moves may be reduced from a tical to that of compressor 692. 

maximum at which the flank surfaces of the scroll wraps are A f^gr modification of the embodiments shown in 

in sealing engagement with each other to a imnimum FIGS. 36 through 40 is shown in FIGS. 41 and 42 at 766. In 

distance at which the flank surfaces are spaced from each ^ emboiiment. cutout portions 754 are deleted and two 

other 60 circular openings 768 are provided in lieu thereof. likewise. 

Compressor 692 also includes a three way solenoid valve only two pins 716" are provided. The diameter of cu-cular 
742 having a fluid line 744 connected to annular passage openings 768 relative to the rechjc^^ameter portion 726 
731 a second fluid line 746 connected to suction line 748 0 f pins 714" will be such that there w ^^ a ^. cl ^ a ^ 

and a third fluid line 750 connected to discharge line 752. therebetween when orbiting saoU member 704 is opting 
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minimum thus interrupting the sealing relationship between a ™° W£ ^ way 828. In such a case, a 

the flank surfaces of the scroll wraps. bleed hole from me bottom chamber 818 through member 

Additionafly. u this embcrfiment. springs 722 have been opening into area 780 would be required to vent 

replaced by an intermediate pressure biasing arrangement ^£ "° ssure flui( l in somewhat similar manner to that 

including a passage 770 in scroll *<?«™ Sbedwith reference to FIG. 38. 

from intermediate pressure biasing chamber 708 into me operation, solenoid valve 828 will be in a 

upper end of member 724". Thus pins 716" will be based Unto ^ ^ chamber 818 in fluid 

toVlowered position by means of mtermediate fluid pres- poatioo i seas ^ ^ e „| 2 via fluid ^ 830 and 

sure. In all other respects the construction operation ^X^Smng chamber 818 at substantially suc- 

compressor 766 will be substantially identical to compres or 834 J^"^ 8 rf 820 will maintain piston 

692 and hence corresponding portions have teen mchcated ^^^^ul^J position as shown in FIG. 41 

by the same reference numbers used in FIG. 35 double me ^ l ^™ acc m £ Kof wfll be slightly spaced 

primed. from the outer conical surface of hub 796 of orbiting scroll 

Another arrangement for radially unloading a scroll-type (j 
compressor is shown in FIGS. 43 and 44. Compressor 772 UBloadlM is desired, solenoid valve 828 will be 
is generally similar in construction to compressor 692 and When urinating v « line 836 in fluid 
includes an outer shell 774 having a partition pbte 776 ^^^^SSng diamri 818 via fluidlines 
dividing the interior thereof into an upper discharge ctamber S,g chamber 818 to substan- 
778 and a lower portion J^^S^^S 20 X The bLng force resulting from 
bearing housing is secured within lower portion t»u ana * f chambet 8 18 will operate to move 
includes a first member 782 to which axially movable y overcoming the biasing force of 
non-orbiting scroll member 784 is g£ S^SS-** surfate 82* into engage- 
bushings 786 and fasteners 788 and which a^axtatiy ^ rf hub , % of 
supports orbiting scroll member 790. A second member _79Z ^ Con taued upward movement of piston 
of^n bearing housing is secured to thelow^endrf ^g^g£?&. 44 will result in conical 
member 782. rotatably supports a driving ^dttftW surface SMrXcing the orbiting radius of orbiting scroll 
and together with first portion 782 and j**ng scroll the flank surfaces of the wraps thtreof 
member 790 defines a substantially closed cavity 796. ™^ r 7 ^ S ^ n _ engagement with the flank surfaces 
Orbiting scroll member 790 includes a «*er ^ W x «eno ^SSS^SSLm and further compression 
having a conically shaped outer <^ wMd» 1^ on o Md «S to order to resume compression, solenoid 
drivingly mate with an eccentric P^ 798 provided on v i n ^ dto siti o n to vent chamber 818 to suction 

surfaces of the wraps are spaced apart A0 ™?Z£ ITaootiSs and to rely on the axial 

Non-orbiting scroll ^™*%"22SfZ 40 'SSSfSZ ^ on piston 818 by the 

upper end thereof in which a floating ^ en Xment of conical surface 826 with the conical surface 

disposed to define an intermediate pressure biasing chamber «g^emwn ^or co f . membe r away from 

804 which is supptied wim fluid under compression at a ^ 7 ^ m X^ Additionally, solenoid valve 

pressure between suction and discharge via passage 806 to ^^^J^ controUed in a cyclical manner by 

Sereby axially bias non^rbiting scroU member 784 mto 4J 828 is uite nded* , be^onm ^ 

sealing engagement with orbiting scroU member 790. The means of a conditions k ^b^. 

U pper 8 end B of floating seal 802 .^J^W* 5y* °sS « aTo'cribed above with respecttothe 
and cooperates with non-orbiting scroll member TW 10 uauy Ul * > 

t^S~™ s ■ sSsssssssssss 

sealed separating chamber 818 at the lower end tf cavtty wS^ct to that other enibodiment 

796. A plurality of springs 820 ^ J^T* 782 £ S"^U me dischargTcneck valve provided on the 
inwardly extending flange portion 822 of ™^™"*> „lr3 of some of the embodiments may be substituted 
suiti*lewelb824p ro videdinpistonineniber816and^ve ^f^^ctedt valve provided adjacent the dis- 
to bias piston member 816 axially downward!) r away from for ^^^^^XienVor vice versa. Likewise, 
hub portion 797. Additionally, piston member 816 mch.des charge port in other embodmi ^ ^ ^ 
a comcaUy shaped radially inwardly facing surface 820 at w * T^l^and 21 may also be incorporated 
me upperend thereof which is a^ptedm^-^ Further, while in many 
complementary to the outer corneal surface of center hub ^"^J^™ so , enoid valve and a^ed fluid lines 

797. have been shown as positioned outside ofthesheU. they may 
As shown, a three way solenoid valve 828 is also provided ^tocS wilhto fli*eU if destad. 

which is connected to separating i Aamber 818 via fluid line embodiments, it is intended that the 



